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Sputter Deposition Process for Electroluminescent Phosphors 

Field of the Invention 

The present invention relates to a novel sputter deposition method for 
electroluminescent phosphors used in thick dielectric electroluminescent 
(TDEL) displays. More specifically, the invention relates to a dual source 
5 sputter deposition method in which one of the targets comprises a metal and 
the other comprises the remaining elemental constituents of the phosphor. 

Background to the Invention 

Thick dielectric electroluminescent displays (TDEL) provide a great 
10 advance in flat panel display technology. TDEL displays comprise a basic 
structure of a substrate upon which an electrically conductive film is 
deposited. A thick film layer consisting of a ferroelectric material is then 
deposited on the thick film layer. A phosphor film is deposited on the thick 
film layer followed by an optically transparent but electrically conductive film to 
15 form the second electrode in the structure. 

The thick film dielectric structure provides for superior resistance to 
dielectric breakdown as well as a reduced operating voltage as compared to 
U other types of flat displays. The thick film dielectric structure when deposited 

3 on a ceramic substrate withstands higher processing temperatures than for 

A 20 example, TFEL devices, which are typically fabricated on glass substrates. 

This increased high temperature tolerance facilitates annealing of phosphor 
films at higher temperatures to improve their luminosity. However, even with 
this enhancement, it is desired to achieve even higher quality phosphor 
luminance and color coordinates as demonstrated by cathode ray tube (CRT) 
25 displays. 

A high luminosity full colour electroluminescent display requires the use 
of red, green and blue sub-pixels. Optical filters are needed to achieve the 
required colour coordinates for each sub-pixel. Consequently, the thin film 
phosphor materials used for each sub-pixel must be patterned so that there is 
30 minimal attenuation of the emission spectrum for each colour of pixel by the 
optical filters. For relatively low-resolution displays, the required patterning 
can be achieved by depositing the phosphor materials through a shadow 
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mask. For displays with high resolution, however, the shadow mask 
technique does not provide adequate accuracy, and photolithographic 
methods must be employed. Photolithographic techniques require the 
deposition of photoresist films and the etching or lift-off of portions of the 
5 phosphor film to provide the required pattern. 

Deposition and removal of photoresist films and etching or lift-off of 
phosphor films typically require the use of solvent solutions that contain water 
or other protic solvents. Some phosphor materials, for example strontium 
sulphide are susceptible to hydrolysis, and water and protic solvents may 
10 degrade the properties of the phosphor materials. 

The deficiencies in phosphor materials are most severe with the 
phosphors used for blue sub-pixels, and may be compensated for to some 
extent by increasing the area of the blue sub-pixels relative to the area of the 
- red and green sub-pixels. However, such a design modification demands 

hi 15 increased performance from the phosphor materials used for the red and 
5>5 green phosphor materials, and requires the use of higher display operating 

in voltages. The higher operating voltages increase the power consumption of 

-T the display, decrease the reliability and increase the cost of driving the 

r; electronics of the display. 

FU 20 Vacuum deposition is a method that can be used to produce and 

S deposit phosphor films from a single source pellet using sputtering or electron 

^ beam evaporation. However, the yielded films do not exhibit high luminosity. 

Improved luminance of barium thioaluminate phosphors has been achieved 
by using a hopping electron beam deposition technique to deposit films from 
25 two source pellets. In this method, the stoichiometry of the deposited film is 
controlled by controlling the relative dwell time of the electron beam impinging 
on each of the two source materials. While effective, this technique is not well 
adapted for commercial production of large area displays and is difficult to 
control to compensate for changes in the evaporation rates from the two 
30 sources as the deposition proceeds and the source pellets are depleted. 

Sputtering is a well known technique for making a phosphor layer. 
Sputtering can involve the use of a single, dual or multiple source for the 
production of a phosphor layer. Sputtering processes are described in for 
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example, U.S. Patent Nos. 4,389,295, 4,508,610, 4,675,092, 5,003,221 and 
6,254,740. 

To improve the stoichiometry of certain phosphors such as 
thioaluminate phosphors, dual sources are used for the deposition requiring 
5 added controls over the relative deposition rates for the different sources. 
The required relative evaporation rates must be calibrated for each specific 
piece of deposition equipment and the requirement for multiple sources 
constrains the design of the deposition equipment, generally adding to the 
cost of the equipment. Further, evaporation methods are not well suited for 
10 the deposition of large area films such as a required for the fabrication of large 
electronic displays such as those for the wall television application. 

While the aforementioned generally provides various methods for 
j, A deposition of phosphor films, it would be advantageous to provide a method 

Jj; for depositing a phosphor film that can be etched and is also stable in the 

yj 15 display operation. Furthermore, it would desirable that such a method also be 
jTp economic and practical for the deposition of phosphor films over large areas. 

== Summary of the Invention 

JH The present invention relates to a novel process for depositing large 

rU 20 area multi-element thin films for electroluminescent phosphors that provide a 
h high luminosity and a suitable emission color. It also relates to the deposition 

of a phosphor film that can be etched in a patterning step and then further 
heat treated to form a stable phosphor film. It also relates to reducing the cost 
of equipment used to deposit the phosphor materials onto the dielectric 
25 layers. 

The present invention utilizes two sputtering targets to deposit an 
alkaline earth thioaluminate phosphor film onto a suitable substrate in a sulfur 
containing atmosphere. Typically an activator species selected to provide the 
desired light emission color is also added to one of thetargets. One of the 
30 sputtering targets is elemental metal. The other sputtering target comprises 
the remaining ingredients in the phosphor so that the resultant phosphor 
composition comprises a thioaluminate composition in combination with one 
or more elements from group IIA and IIB of the Periodic Table of Elements. 
The activator species is added to one of the targets and is selected from the 
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group consisting of alkaline earth sulfide and a rare earth sulfide or oxide and 
mixtures thereof. 

The use of elemental metal as a target in the sputtering deposition 
process is an improvement over prior art sputtering processes. The use of 
5 elemental metal ensures a high sputter deposition rate and also acts to 
minimize oxygen contamination of the second target and deposited phosphor 
composition. As a result, the deposited phosphor composition is etchable, 
provides desirable luminescence and is stable in display operation. Elemental 
metals suitable for use in the present invention are those of Group II IA of the 
10 Periodic Table of Elements. More preferably, the metals are selected from 
the group consisting of aluminum, gallium and indium. Most preferred for use 
in the present invention is aluminum. 

The second target is typically a sulfur containing compound. More 
preferably, the second target is a sulfide compound comprising one or more 
1 5 elements of Group IIA and/or Group MB of the Periodic Table of Elements. 

The activator species is preferably cerium or europium. 

In accordance with the present invention, there is provided a dual 
source sputtering deposition method for deposition of a thin film phosphor 
composition which uses an elemental metal, preferably aluminum, as one of 
20 the two sources. 

In accordance with a further aspect of the present invention, the 
method is conducted in a sulfur containing atmosphere. The sulfur containing 
atmosphere is preferably one of hydrogen sulfide or sulfur vapour under low 
pressure to provide sufficient sulfur in the deposited phosphor composition. 
25 The sulfur may be provided at pressures ranging from about 1 to 10 x10' 3 torr, 
more preferably, 3 to 7 x 10" 3 torr, and even more preferably 4 to 6 x 10" 3 torr. 

In accordance with a further aspect of the present invention, sputtering 
is done at a rapid sputtering rate to minimize oxygen incorporation into the 
deposited phosphor composition. This is facilitated by the use of aluminum as 
30 the preferred elemental metal as one of the two sources. 

In accordance with another aspect of the present invention, the 
sputtering method of the present invention is suitable for the production of a 
thin film phosphor composition onto a desired and suitable substrate having a 
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large surface area. This adds to the economic feasibility of the method and its 
large scale commercial use. 

In accordance with still a further aspect of the present invention, the 
sputtering method of the present invention can be conducted modulating the 
5 relative deposition rate of materials arising from each of the two sources. This 
facilitates deposition of a laminated film with a periodic composition 
alternatively rich and poor in aluminum. 

In accordance with yet another aspect of the present invention, the 
sputtering method of the present invention may be conducted such that 
10 sputtering of the two targets is effected onto a rotating and/or oscillating 
substrate to effect the deposition of a laminated phosphor composition. The 
rotating and/or oscillating substrate is alternately positioned in the flux of 
atomic species sputtered from each of the two targets. The thickness of the 
layers of the laminated composition may be altered by changing the rotation 
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In accordance with an aspect of the present invention is a dual source 
in sputtering method for the deposition of a thin film phosphor composition onto 

H a substrate, said method comprising the steps of: 

l! - providing a metal as a first source 

fU 20 - providing a sulfur bearing compound as a second source; 

q - doping said first or second source with a rare earth activator; 

^ and 

applying sufficient current to the first and second sources in a 
sulfur containing atmosphere to effect sputtering of said target and deposition 
25 of said phosphor composition on said substrate. 

In accordance with another aspect of the present invention is a dual 
source sputtering method for the deposition of a thin film phosphor 
composition onto a substrate, said method comprising the steps of: 

placing a metal as a first source and a sulfur bearing compound 
30 as a second source within a chamber having an atmosphere of hydrogen 
sulfide or sulfur vapours; 

doping said first or second source with a rare earth activator; 

and 
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applying sufficient electrical energy to said first and second 
target to cause sputtering thereof and a flux of atomic species of said first and 
second targets onto said substrate. 

In accordance with a further aspect of the present invention is a thin 
5 film laminated phosphor comprising; 

- alternate layers of metal sulfide and rare earth doped alkaline earth 
sulfide. 

In accordance with a further aspect of the present invention is a thin 
film laminated phosphor comprising; 
10 - alternate layers of aluminum sulfide and rare earth doped alkaline 

earth sulfide. 

The methods of the present invention are particularly suitable for 
deposition of thioaluminate based blue phosphors. 

In accordance with yet a further aspect of the present invention is a 



y 1 5 thick dielectric electroluminescent display comprising; 
ip - a rigid substrate; 

iO - a lower electrode layer directly adjacent said substrate, said lower 

5 electrode layer comprising an electrically conductive metallic film; 

-a thick film dielectric layer provided on an upper surface of said 
FU 20 electrode layer; 

f 3 - a phosphor film deposited on said thick film dielectric layer, said 

phosphor film comprising an alkaline earth thioaluminate phosphor film; and 

- an upper electrode layer comprising an optically transparent 
electrically conductive film. 

25 In accordance with yet a further aspect of the invention is a method for 

preparing a thin film phosphor composition, said method comprising the steps 
of; 

- placing a substrate with a reactive chamber; 

- supplying a sputtering gas mixture of hydrogen sulfide at a pressure 
30 of about 5 x 10" 3 torr to the reactive chamber; 

- applying power to a first source of elemental aluminum; 

and a second source of alkaline earth sulfide in a ratio of about 1:1 to 

5:1; 
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- said first or second source additionally comprising an activator 
species of a rare earth sulfide or rare earth oxide; 

- wherein applying said power to said first and second sources causes 
sputtering thereof and a flux of atomic species of said first and second targets 

5 onto said substrate to form a thin film alkaline earth thioaluminate phosphor 
composition. 

In accordance with yet a further aspect of the invention is a method for 
preparing a thin film phosphor composition, said method comprising the steps 
of; 

10 - placing a substrate with a reactive chamber; 

- supplying a sputtering gas mixture of hydrogen sulfide at a pressure 
of about 5 x 10~ 3 torr to the reactive chamber; 

p - applying power to a first source of elemental aluminum and ; 

O to a second source of alkaline earth sulfide in a ratio of about 1:1 to 

UJ 15 5:1; 

^j] - said first or second source additionally comprising an activator 

In species of a rare earth sulfide or rare earth oxide; 

- wherein applying varying levels of power to said first and second 
lf 9 sources causes sputtering thereof and a flux of atomic species of said first 
iU 20 and second targets onto said substrate to form a thin film laminated alkaline 
IZ earth thioaluminate phosphor composition. 

Brief Description of the Drawings 

The present invention will become more fully understood from the 
25 following drawings. The drawings are given for illustration only and do not 
limit the scope of the invention. 

Figure 1 shows a section of an electroluminescent display comprising a 
thick film dielectric layer and a phosphor composition; 

30 

Figure 2 shows the CIE color y coordinate for electroluminescent 
display made in accordance with the present invention with different barium to 
aluminum ratios; 
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Figure 3 shows the threshold voltage for electroluminescent displays 
made in accordance with the present invention with different barium to 
aluminum ratios; and 

5 Figure 4 shows the luminosity at 60 volts above the threshold voltage 

for electroluminescent displays made in accordance with the present invention 
with different barium to aluminum ratios. 

Detailed Description of the Invention 
10 The present invention is a novel dual source sputtering process for the 

deposition of a rare earth activated alkaline earth thioaluminate phosphor 
composition that has use in TDEL displays (Figure 1 ). In the method one of 
M the targets is a metal. The second or other target comprises the remaining 

0 ingredients in the phosphor. The first or second target can be doped with the 

f js 

Ld 15 rare earth activator species. The relative deposition rates of the material 
from the two source targets can be controlled by the radio frequency power 
in applied to the respective targets in order to provide a laminated phosphor 

a composition of which the thickness of the layers can be varied. The laminated 

phosphor composition is suitable for further heat treatment to form a stable 

1 y 

FU 20 homogeneous phosphor layer. 

j^j The present invention incorporates the use of a metal as the first 

^ source. Suitable metals are those selected from Group IMA of the Periodic 

Table of Elements. More preferably are aluminum, gallium and indium. The 
most preferred metal for use in the present invention is aluminum. The use of 
25 aluminum metal rather than aluminum sulfide as a source material for the 
target reduces oxygen contamination in the deposited film and thus enhances 
film characteristics and performance. Where lower melting point metals are 
used such as gallium or indium, additional cooling must be carried out. 

The second source is generally a sulfur bearing compound and more 
30 specifically is a sulfide compound comprising one or more elements from 
group MA and MB of the Periodic Table of Elements. More preferably, the 
second source may be selected from one or more alkaline earth sulfides. 

The activator species can be provided together with either of the first or 
second source. The activator species is selected from a rare earth sulfide 
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and rare earth oxide. Most preferably, the activator species is cerium or 
europium. 

The sputtering of the two sources is carried out in a low pressure sulfur 
containing atmosphere in order to provide adequate sulfur to form the desired 
5 film composition with desired thickness. Hydrogen sulfide or sulfur vapour is 
most commonly used to provide sufficient sulfur content in the deposited film. 
Typical pressures may range from about 1 to 10 x10' 3 torr, more preferably, 3 
to 7 x 1CT 3 torr, and even more preferably 4 to 6 x 10" 3 torr. As there may be 
some background pressure of oxygen in the sputtering chamber, it is 
10 desirable to facilitate a relatively rapid sputtering rate to minimize the 
incorporation of oxygen in to the deposited films. 

It is found that a feasible sputtering rate is strongly affected by the 
sulfur-containing atmosphere, which causes the formation of an aluminum 
J; sulfide film on the aluminum target due to a chemical reaction with the 

W 15 sputtering atmosphere, particularly during active sputtering. If the aluminum 
Tn target is heavily passivated with sulfur, the sputtering rate is reduced so that 

^[j phosphor film formation may take two hours or more. If the passivation is 

= abated, deposition can occur in 25 to 30 minutes, thus reducing the available 

JrJ time for oxygen to be incorporated onto the deposit film. Therefore it is 

iU 20 necessary to control the concentration of hydrogen sulfide or other sulfur 
h bearing gases within a range that both prevents passivation of the aluminum 

^ target by sulfide formation and at the same time ensuring that adequate sulfur 

is present to react with the sputtered aluminum to form the desired sulfide 
phosphor films. The use of two sputtering targets facilitates modulation of the 
25 relative deposition rate of materials arising from each source. This facilitates 
deposition of a laminated film with a periodic composition alternately rich and 
poor in metal, preferably aluminum. The variation can be achieved by using a 
rotating or oscillating substrate that is alternately positioned in the flux of 
atomic species sputtered from the respective targets. To the extent that the 
30 atomic flux from the two sources are spatially separated from one another, 
and to the extent that hydrogen sulfide is present in the sputtering chamber, a 
film can be deposited with a composition that is in one embodiment alternately 
aluminum sulfide and rare earth doped alkaline earth sulfide. The thickness 
of the layers can be altered by changing the rotation rate or the oscillation rate 
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of the substrate. The sputtering deposition method of the present invention 
can be done in any contemporary rf magnetron sputtering system such as 
those marketed by Edwards, Ulvac, Leybold etc. that is fitted with a gas 
injection and exhaust system capable of handling hydrogen sulfide and has a 
5 deposition substrate heating means. 

The present invention in a further aspect, provides the ability to 
modulate the elemental composition of the deposited phosphor film over the 
thickness of the film. It has been found that a modulated structure has 
performance advantages over a homogeneously deposited film. Further, the 

10 magnitude of the advantage is dependent on the thickness of the individual 
layers in the deposited structure. There is a tendency to achieve better 
performance as the thickness of the layers is increased from about 15 
Angstroms to about 50 Angstroms. Increased thickness of the layers is 
somewhat due to the higher sputtering rate (i.e. Example 3). The results are 

15 also to some degree dependent on the atmospheric exposure and 
temperature associated with subsequent heat treatment steps. 

In the fabrication of a TDEL display, the sputtering method of the 
present invention is used to deposit the phosphor film layer. Typically, 
aluminum sulfide or barium sulfide encapsulating layers are also used for the 

20 phosphor. Such layers have a tendency to enrich the phosphor respectively 
in barium or aluminum, but otherwise does not appear to have any significant 
effect on the phosphor luminescence and thus overall device performance. 

In summary, the dual source sputtering process of the present 
invention reliably and cost-effectively produces a phosphor film composition 

25 over a wide surface area of substrate that is suitable for use in thick dielectric 
electroluminescent displays. The thin film phosphors providing a high 
luminosity and a suitable emission color. Further, the phosphor film can be 
etched in a patterning step and then further heat treated to form a stable 
phosphor film. 

30 The direct data contained in the following examples is limited to barium 

thioaluminate phosphors with a range of elemental ratios, but it is understood 
that the method can be extended to thioaluminate compositions comprising 
one or more elements from group IIA and MB of the Periodic Table of 
Elements. 
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The above disclosure generally describes the present invention. A 
more complete understanding can be obtained by reference to the following 
specific Examples. These Examples are described solely for purposes of 
illustration and are not intended to limit the scope of the invention. Changes 
in form and substitution of equivalents are contemplated as circumstances 
may suggest or render expedient. Although specific terms have been 
employed herein, such terms are intended in a descriptive sense and not for 
purposes of limitation. 

Examples 

Example 1 - Deposition of Barium Aluminum Sulfide Phosphor Films 

Barium aluminum sulfide phosphor films were deposited onto suitable 
substrates using the method of the present invention. 

One sputtering target comprised aluminum and the other sputtering 
target comprised barium sulfide doped with europium. The power applied to 
the 3"-diameter aluminum sputtering target was held fixed at about 200 watts 
and the power to a second 3" diameter sputtering target of barium sulfide 
doped with europium was held in the range of about 50 to 130 watts. The 
sputtering atmosphere was hydrogen sulfide maintained at a pressure of 
about 5x1 0" 3 torr using a 4 milliliter per minute flow of hydrogen sulfide into the 
sputter deposition chamber. 

The deposition time was about 2 hours. During the deposition the 
sample substrate was rotated at a rate of about 1.1 revolutions per minute in a 
manner that the sputtered material from the two sputter targets was 
alternately deposited on the substrate to form a laminated phosphor structure. 
The average thickness of the aluminum rich and barium rich layers within the 
laminated structure was about 15 Angstroms. 

The phosphor films were deposited on a thick film substrate comprising 
an alumina base upon which a gold electrode was deposited followed by a 
thick film composite dielectric layer and then a thin film barium titanate layer 
deposited using the techniques described in Applicant's co-pending U.S. 
Patent Application serial number 09/761,971. The thickness of the deposited 
films was about 400nm. Following deposition, the films were heat treated in a 
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belt furnace under nitrogen with about a 5 minute dwell time at a temperature 
of about 700°C to 750°C. In some cases the films were subjected to a further 
rapid annealing at a maximum temperature of about 900°C for about 50 
seconds. For some applications the phosphor layer was sandwiched between 
5 pure barium sulfide layers by sputtering a barium sulfide layer onto the barium 
titanate covered thick film substrate before the phosphor layer was deposited 
and sputtering a second barium sulfide layer on top of the phospor layer. 

The substrates with deposited phosphors were finished into complete 
electroluminescent display devices by depositing a thin alumina layer on top 
10 of the deposited phosphor, or on top of the barium sulfide layer where 
present. A second device electrode comprising an indium tin oxide 
transparent conductive layer was deposited on sandwiched phosphors. 

The display devices were tested using repeated alternating polarity 40 
microsecond wide voltage pulses with a voltage amplitude of 60 volts above 
15 the threshold voltage where the display devices began emitting light with a 
luminosity greater than 1 candela per square meter. The pulse repetition rate 
was 240 pulses per second. The performance results are shown in Figures 2, 
3 and 4. As seen in Figure 2, the CIE y colour coordinate reached a minimum 
of 0.10 when the ratio of power to aluminum target to barium containing target 
20 is about 3:3.5. Devices with barium sulfide layers sandwiching the phosphor 
a layer show a change to a higher y coordinate at a higher aluminum to barium 

containing source power ratio than devices without the sandwiching layers. 
This indicates that some barium from the sandwiching layers is becoming 
incorporated into the phosphor film at some point during the device 
25 fabrication. The luminance reached a maximum of 60 to 100 candelas per 
square meter when the power ratio is in the same range, although there is no 
data away from this ratio for the barium sulfide sandwiched phosphor devices. 
The threshold voltage shows a relatively weak maximum near 160 volts in the 
same range of the barium to aluminum target power ratio, except where the 
30 phosphor was sandwiched between barium sulfide layers, in which case the 
threshold voltage was considerably higher, possibly due to an additional 
voltage drop across the barium sulfide layers. 
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In general, the results indicate that the performance of the phosphors 
deposited in accordance with the present invention is comparable to that of 
phosphors deposited using electron beam evaporation methods and thus is 
efficient and reliable. 

5 

Example 2 

Electroluminescent display devices similar to those of example 1 were 
manufactured, but with a deposition rate of 30 minutes rather than 2 hours. 
The higher deposition rate was achieved by lowering the hydrogen sulfide 
10 injection rate to about 3 milliliters per minute to reduce the degree of sulfide 
passivation on the aluminum target and by increasing the power at the target 
to about 220 watts. The substrate rotation rate was the same as in example 1 
^ so that the layer thickness in the phosphor laminate was about 60 Angstroms 

^ rather than about 15 Angstroms. The ratio of the power applied to the 

lu 15 aluminum target to that of the barium-containing target was in the range 
jr=J 1 .3:2.0. The measured CIE y colour coordinate for these devices was similar 

42 to those in example 1 for the same sputter target to power ratio. The 

5 threshold voltages were similar to those in example 1. However, the 

Jy luminance for devices without barium sulfide sandwiching layers was about 

fU 20 100% greater than that for corresponding samples in example 1. The 
H increase was less marked for devices with the barium sandwiching layers, but 

was still on average about 50% higher than for the devices in example 1 

Example 3 

25 Electroluminescent devices similar to those in example 2 were 

prepared, but using a sample rotation rate of 3 revolutions per minute rather 
than 1.1 revolutions per minute. In this case the thickness of the layers in the 
laminate was about 22 Angstroms rather than 60 Angstroms. There was no 
significant difference in the luminance, threshold voltage or CIE y colour 

30 coordinates of these display devices as compared to those of example 2, 
indicating that the increased performance of the display devices in example 2 
over those in example 1 is likely related to the increase in deposition rate than 
to the increase in the thickness of the layers in the phosphor laminate. This is 
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consistent with the assumption that the improvement is due to a reduction in 
the oxygen or other impurity content of the deposited phosphor. 

Example 4 

5 Electroluminescent display devices were fabricated with a phosphor 

deposited using a ratio of power to the aluminum source to the barium- 
containing source material of about 3:1 and with a long deposition time of two 
hours, similar to those in example 1. The phosphor films were sandwiched 
within a variety of layers including between two aluminum sulfide layers, two 
10 barium sulfide layers, a barium sulfide layer on top with aluminum sulfide layer 
below, or an aluminum sulfide layer on top and a barium sulfide layer below. 
Corresponding sandwiched phosphor structures were deposited on silicon 
wafers for x-ray diffraction analysis (XRD) and semi-quantitative elemental 
2 analysis by energy dispersive x-ray spectroscopy (EDS). The XRD data 

1-3 

W 15 illustrated that the phosphor layers sandwiched between two barium sulfide 
m layers were comprised predominantly of crystalline BaAI 2 S 4 . By contrast, the 

in phosphor layers sandwiched between aluminum sulfide layers were 

g comprised predominantly of BaAUSy, indicating a higher aluminum content 

IT, than the former sample. These results indicate that the phosphor layer is 

fU 20 incorporating barium and aluminum respectively from the sandwiching layers, 
h For the phosphor layer sandwiched between one barium sulfide layer and one 

aluminum sulfide layer the x-ray structure was neither BaAI 2 S 4 nor 
BaAI 4 S7.and could not be specifically identified. Given the trend with two 
barium sulfide or two aluminum sulfide sandwiching layers it appears that the 
25 unknown phase has an aluminum content relative to the barium content of 
between that of BaAI 2 S 4 and BaAI 4 S 7 . This is supported by the EDS data 
which gives a relative ratio of aluminum to barium of 2.4:1 for barium sulfide 
encapsulated phosphor, a relative ratio of 5.3:1 for the aluminum sulfide 
encapsulated phosphor and a relative ratio of about 4.0:1 for the. phosphor 
30 encapsulated with one barium sulfide layer and one aluminum sulfide layer. 

Although preferred embodiments of the invention have been described 
herein in detail, it will be understood by those skilled in the art that variations 
may be made thereto without departing from the spirit of the invention. 
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